Choleragen and the isolated A protomer catalyzed the hydrolysis of NAD to ADP-ribose and nicotinamide.
Choleragen is believed to exert its effects on mammalian cells through activation of adenylate cyclase (1) . The initial step in the activation process is presumed to be the binding of the B protomer of choleragen to cell surface receptors, presumably the monosialoganglioside GM1 (2-7). The A protomer is then thought to penetrate the membrane and activate the cyclase (8) (9) (10) (11) . In cell homogenates, where the binding step can apparently be bypassed, the A protomer alone can activate adenylate cyclase in an NAD-dependent reaction (12) (13) (14) . The role of NAD has not been defined, however, and some workers have not found an NAD requirement for cyclase activation (10) . Gill (12) and Bitensky and coworkers (14) feel that choleragen catalyzes an enzymatic activation of adenylate cyclase; Cuatrecasas and coworkers believe that activation involves the direct binding of choleragen to the cyclase (10, 15) .
We report here that choleragen and its A protomer catalyze the hydrolysis of NAD to ADP-ribose and nicotinamide (NAD nucleosidase activity; NAD glycohydrolase, EC 3.2.2.5). Although this probably represents an abortive reaction, it is analogous to the reactions catalyzed by diphtheria toxin, which causes inhibition of protein synthesis as a result of the NADdependent ADP-ribosylation of elongation factor II (16 Table 1) .
The NADase activity migrated with choleragen on polyacrylamide gels (Fig. 1) . After dissociation of choleragen in 6.5 M urea, 0.1 M glycine at pH 3.2 (19) , and separation of the A(A1,A2) and B protomers by chromatography on a Bio-Gel P-60 column, the NADase activity was recovered with the A protomer (Fig. 2 ).
As shown in Fig. 3 presence of 20 mM dithiothreitol, only in the acetate and phosphate buffers was there appreciable activity. Increasing the concentration of the potassium phosphate buffer to 400 mM more than doubled the amount of NAD hydrolyzed. As shown in Fig. 4 , the Michaelis constant for NAD was 3.8 mM with both choleragen and the purified A protomer. polyacrylamide gels. Choleragen (125 jg in 0.025 ml) was applied to each of four 7.5% polyacrylamide gels. After electrophoresis two gels were stained for protein. The other two gels were sliced into 5 mm segments which were eluted for 14 hr at room temperature with 0.4 ml of the buffer in which the choleragen solutions were prepared. Assay reactants were added to the tubes containing the gels and elution buffer, bringing the final volume to 0.6 ml, containing 2 mM [carbonyl-'4C]NAD (50,000 cpm), 200 mM potassium phosphate, pH 7.0, and 20 mM dithiothreitol. After incubation for 2 hr at 370, duplicate 0.2 ml samples were applied to Dowex-1 columns and eluted as described in Experimental Procedure. 57% of the applied NADase activity was recovered from the gels. The stained protein band was in fraction 2. surface receptor, the monosialoganglioside GM1 (2) (3) (4) (5) (6) (7) 20 (19, 400 cpm) , 200 mM potassium phosphate at pH 7.0, 20 mM dithiothreitol, and the indicated amounts of choleragen (in 0.05 ml of the choleragen buffer). After incubation for 1 hr at 370, 0.1 ml samples were transferred to Dowex-1 columns which were eluted as described in Experimental Procedure.
interaction of choleragen with cyclase, whereas Gill (13) has concluded that an enzymatic process is involved.
We have now demonstrated that choleragen, and specifically the A protomer (consisting of Al and A2 subunits), catalyzes the hydrolysis of NAD to nicotinamide and ADP-ribose. Diphtheria toxin, which also exhibits NADase activity (17) , causes inhibition of protein synthesis in susceptible cells as a result of the reversible ADP-ribosylation of elongation factor II (16 (20 ,ug in 0.04 ml) or A protomer (0.04 ml of a solution of A280 nm = 0.691) and incubation at 370 for 2 hr, duplicate 0.1 ml samples were transferred to Dowex-1 columns and eluted as described in Experimental Procedure. Table 2 except that the concentration of dithiothreitol was 20 mM, and the buffer composition and concentration were varied as indicated.
thiothreitol (and of phosphate or acetate in high concentrations) on the NADase activity of choleragen and its A protomer could be explained in this way. Alternatively, these agents may directly influence the activity of the catalytic subunit.
The NADase activity of the A protomer of choleragen is apparently analogous to that exhibited by Fragment A of diphtheria toxin (17) . It represents an abortive reaction in which water rather than a specific second substrate serves as an acceptor for the ADP-ribosyl moiety of NAD. It appears, therefore, that both choleragen and diphtheria toxin are capable of activating the ribosyl-nicotinamide bond of NAD. In the case of diphtheria toxin, the activated ADP-ribosyl moiety can be transferred to the appropriate acceptor protein, which has been identified as elongation factor II (16) . Although ADP-ribosylation by choleragen has not been demonstrated, all of our observations are consistent with the conclusion that this is the mechanism by which the A protomer activates adenylate cyclase. It 
